Force and pressure characteristics for a series of nose inlets at Mach numbers from 1.59 to 1.99 III : conical-spike all-external-compression inlet with supersonic cowl lip by Weinstein, Maynard I & Davids, Joseph
RESEARCH MEMORANDUM
FORCE AND PRESSURE CHARACTERISTICS FOR A SERIES OF NOSE
INLETS AT MACH NUMBERS FROM 1.59 TO 1.99
III- CONICAL-SPIKE ALL-EXTERNAL-COMPRESSION INLET
WITH SUPERSONIC COWL LIP
By Maynard I.Weinstein and Joseph Davids
.-
,’.:
.4,:. -
-..-=
-.-w
--–y’
Lewis Flight Propulsion Laboratory. ‘~~”:.%~;~
Cleveland, Ohio i._ 2{:
NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS
WASHINGTON
February 14, 1951
https://ntrs.nasa.gov/search.jsp?R=19930086397 2020-06-17T12:33:36+00:00Z
TECH LIBRARY KAFB, NM
Illllllllllilllllllli!llllllllll‘-
OL4321O
liACARM l150J30
IWTIOl!WGADVISORY COMMITPEE FOR AERONAUTICS
RESEARCH MEMORANDUM
FORCE MD PRESSURE ~ISTICS FOR A SERIES OF
NOSE INLETS AT MACE NUMBERS
moM 1.59 To 1.99
111 - CONICAL43PIKE AIL-lWTiEIIWL-CO14PBF.&IONI LET
WIXE SUF!3RSONICCOWL LD
By I@nsxd
An investigationwas
supersonic wind tunnel to
istics of an all-external
I. Wehstein and
SUMMARY
conducted in the
Joseph Davids
IWCA kwis 8- by 6-foot
detezmine the force end ~essure- character-
compression inlet haviw a conical spike and
a supersonic cowl lfp. Measu&ments of ltit, dra& pitching m&en~,
and internal and external pressures were made at free-stream Mach
numbers of 1.59, 1.79, and 1.99 for a range of mass-flow ratios end
angles of attack to 10°. The average Reynolds number based on inlet
diameter was 2,300,000.
The drag increased rapidly with decreasing mass flow as a conse-
quence of the increase in additive drag. The drag rise due to angle
of attack resulted primarily from an increase in the normal force.
At zero angle of attack, adequate theoretical predictions were made of
the additive drag, friction drag, and at shock-swallowed conditions,
the pressure tiag.
The total-pressure recovery was in general only sli@tly reduced
by increases in angle of attack to 10°.
A general study of the
of nose inlets suitable for
INTRODUCTION
aerodynamic characteristics of a series
supersonic rsm-~et engines was conducted
in the Lewis 8- by 6-foot supersonic wind tunnel.- This report presents
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,
the results of an investigationof a conical-spike inlet designed to
give all-external ccunpressionand having a supersonic cowl lip. The
perforrgmce of two other inlets is discussed in references 1 and 2. $.
The purpose of the investigationwaa to obtain force, moment,
and pressure data, and when passible to compare the experimental results
with theory. Data were obtained for a range of mass-flow ratios and
angles of’attack at free-streem Mach numbers 1.59, 1.79, and 1.99. The
Reynolds number based on inlet diameter varied from 2.0 to 2.4 x 106.
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The following symbols are used in this report:
drag coefficient,D/q&
friction drag coefficient,baaed on wetted area
lift coefficient,L/qO~ .—
pitching-momentcoefficient, about the base of the model,
G/q&l —
yressure
drag
diameter
pitching
lift
a
coefficient, p-pO/~
at area of msximum cross section, 8.125 inches
moment about base of model
length of model, 58.66(in.)
Mach number
P3U3S3
m3/~ ream-flow ratio, —
Pouosc
x’ total pressure .
P static pressure
~
dynsmic p~es.sure,YPM2/2
#
—
.-
.
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Reynolds number
area
inlet capture area defIned by
maximum cross-sectional area,
velocity
velocity in boundary lqyer
axial perturbation velocity
xjr,e cylindrical coordinates
Y distance from model surface
a angle of attack
7 ratio of specific heats, 1.40
a boundary-layer thiclmess
P mass density
Subscripts:
cowl lip, o.1674(sq I%)
0.3601(sq ft) ‘
a
f’
2
P
5
0
1
2
3
additive Wag
friction
local condition in boundary layer
pressure
conditions at outer edge of boundary layer
free stream
cowl lip
station at 7.00 inches downstream of cowl lip
combustion-chamber inlet
~wa?l
~
3
4A schematic
The apparatus is
the inlet, which
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APPARATUS AIJDPROCEDURE
assembly of’the model is shown in figure l(a).
*
similar to that employed in reference 1 except for
is detailed in figure l(b). The inlet was designed 8
so that tie ollique shock would intersect the’cowl lip at a Mach-
number of 1.80. The cowl lip had a relatively sh~ supersonic
—
profile designed to be approximately tangent to the streamlines
immediately behind the oblique shock at a~ch number of 1.80.
.M
TWO models designated A and B were investigated. Model A had
an internal contraction ratio of 1.04. With this contraction,
internal choking occurred at Mach number 1.79 due to the growth of
boundary layer, which prevented the normal shock from being ewallowed.
In order to help alleviate this condition, the spike contour of model B
waa slightly reduced from that of model A, as shown by the model coordi-
—
nates presented in table I. In addition to the spike-contour modifi-
cation, the length of the support struts was decreased 2~ inches.
.—
The
same cowl was used for both mtiels. 4
l
8hown in figure 2 is the longitudinal variation of the ratio of .
the local annular area (baaed on an average of stiace normals) to
the area of the simulated combustion chamber. The aforementioned
modification in spike contour and sup~rt-strut length can be seen *
in this figwe. ~
The model instrummtation and the expertiental techniques were
simil= to those described in reference 1. The location of the static-
pressure orifices are given In table II. ~ow stations are defined “
in figure 3.
The internal mass-flow ’ratewas computed by using the average
total pres,suremeemired at the combustion-chamberinlet and assuming
—
isentropic fluw to the minimum geometric area at the tail plug where
choking OCCU?T@-i. A correction factor of 0.97 (determinedfrom shock-
swallowed operation) was applied to all ma3s-flow calculations.
Data were obtained for a range of mass flows and at angles of
attack from 0° to 10°. Pressure data were obtained at Mach numbers
1.79 and 1.99 using model A. Force
determined at Mach number 1.79 with
1.79, and 1.99 with modelB.
and moment characteristicswere
mcdel A and at Mach numbers 1.59,
.
“
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RESULTS AND DISCUSSION
5.
External-Flow Char&cteristics
k
.
Zero em~le of attack. - The variation of total drag coefficient —
CD with mass-flow ratio m3/m.o formodel B is presented in figure 4
for the three Mach nuuibersof the investigation. Unless othe~ise
noted.,all external-pressuredata ae presented for model A and all
force data for model B. The drag re~esents all the forces external
to the entering stream tube and the model shell.
With decreasing mass-flow ratio, the drag coefficient increased
rapidly at a rate that increased slightly with free-stresm Mach number.
The increase in drag coefficient at critical mass-flow ratio with
decreasing Mach number, shown in figure 5, was in part due to the
increased spillage that accompanied a decrease in the Mach number.
EXternal and internal pressure distributio~ me presented ~
tabular form in ta%les III to V. The longitudinal external-pressure
distribution for a range of mass-flow ratios at Mach numbers 1.79 and
1.99 is shown in figure 6. Ibq&nsion of the flow around the inlet
increased with incremingms spillage. The most pronounced vari-
ations of pressures extended oniy approximately 2 diameters downstream
of the lip.
The decrease in pressure coefficient at x/d= 4.00 wss caused by
expansion of the flow as a result of.the change in model contour from
a conical to a cylindrical section. At x/d= 1.22 the decrease was
the result of the joint between the cowl and the afterbody, whereas at
Mo = 1.99 the decrease in pressure coefficient for x/d= 3.25 resulted
from a weak tunnel disturbance. Close agreement with line=ized
potential theory (valid only for shock-swallowed conditions) is shown
for m3/mo= l.Oat ~= 1.99 and for m3/~ . 0.940 at ~= 1.79.
The theoretical computation neglected the influence of the bow shock
at the cowl lip, inasmuch as the region affected’w&s of extremely
limited extent relative to the model length.
The pressure drag coefficient CD,P} evaluated frouai inte~tion
of the external pressures at various mass-flow ratios, is,presented in
figure 7. The reduction of cowl pressures with ticreasing spillage
resulted in an actual thrust force at mass-flow ratios less than approxi-
mately 0.70. Comprison of the experimental and theoretical pressure
drags shows good agreement at MO = 1.99 for m3/mo =1.0. Extrapo-
lation to m3/mo = 1.0 for data at ,@ = 1.79 also indicates good
agreement with theory.
.
6Typical radial distributions of local
NACA RM E50J30 .
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Mach number, measured by
the bo~daxy-layer rake at station 51.03, are shown in-figure 8 for
a range of mass-flow ratios at free-stream Mach numbers of 1.79 and
1.99. The Mach numbers were calculated from the Raylei@ equation
by assuming ediabatic flow at free-stream total temperature and
uniform radial static pressure at the measured surface value. Local
Mach numbers ~eater than free stream were a consequence of surface
static pressures at the rake that were sli@tly less than embfent
(fig. 6). As discqssed in reference 3, the form of the profiles W
their displacement wfth mass-flow variation is e.asociatedwith the ‘
total-pressure losses due to flow through the bow shock wave. The
method of reference 3 was employed to isolate the bow shock losses
from the total losses measured at the itiividual rake tubes. The
boundery-lqyer thicknesses 5 were consequentlydetemnined to extend
to the rapid change in slope of the profiles (shown by arrows in
fig. 8). For these values of b, the dimensionless velocity profiles
are shown in figure 9 to vary according to the 1/7 power law.
.
t
Calculation of the decrement of momentum in the boundary layer
yielded the friction drag coefficient,which is shown in figure 10
to be essentially independent of mass flow and free-stream Mach number. l
Good agreement is indicated in figure 11 between the averagevalue of
skin friction coefficient of 0.0018 (based on wetted area) and the
von Ka$m&n turbulent compressible theory for flat plates (reference 4). i
Indicated Reynolds numbers are based on free-streem corilitionsand the
length of the external m~el &hell aheed of the rake.
The variation of additive-drag coefficient with maes-fluw ratio
is shown infi~ 12. Additive drag was obtained frona momentum
balance (applk. to the flow between flow ktations O and 2), which
included the contribution of the measured ~reseures along the spike
and the cowl. The momentum at station 2 was obtained from the cor-
rected maes flow and the measured static pressure. The additive drag
increased raptdly with decreasing mss-flGw ratio and increased
slightly with Mach number at a given uss-flow ratio. The slightly
negative values at m3/mo = 1.0 for ~ = 1.99 may be partly ascribed —
to a neglect of viscous effects. Excellent agreetint was obtained “ ““- –
with the one-dimensional theory of reference 5. —
The sum of the drag coqmnents svaluate@ from the pressure data
of model A is mmpared in figure 13 with the total drag obtained frcxn
force measurements of model AandB at Mo = 1.79 and of mcd.elB at
MO . 1.99. The friction dragwaa modified from the value given in
figure 10 to account for the model length downstream of the boundary--
layer rake. Good -agreementis shown.for model A at ~ = 1.79. At
MO = 1.99 the meesured drag of model B wes less than the summarized
?.
-d
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component drags of mcdel A. Because model A exhibited greater drag
values than did model B at ~ = 1.79, however, it is presumed that
god agreement would result at ~ = 1.99 from comparison of the ssme
model. Figure 13 shows that for eitha model the additive drag wsa
directly res~onsible for the rapid incre~e in drag with increasing
mass-flow spillage.
Angle of attack. - The variation of total drag coefficient with
mass-flow ratio is shown in figure 14 for angles of attack to 10°.
The rate of drag increase with increasing mass flow spillage wee
essentially independent of angle of attack. As discussed in refer-
ences 1 and 2, the increase in drag at a given mass-flow ratio
resulted from the increase in normal force while the sxial force
remained relatively constant.
The lift end-pitching moment coefficients (which include the
additive components due to mess spillage) are p?esented as a function
of mass-flow ratio for v=ious angles of attack in figures 15 and 16,
respectively. For the determination of the pitching moment, the force
on the model due to the inlet flow deflection waa assumed to act at the
cowl lip. The lift and pitching-moment coefficients decreased slightly
with decreasing mass-flow ratio. At a given mass-flow ratio and angle
of attack, the lift coefficient increased slightly with free-streem
Mach numiberbut the moment coefficient remained approximately constant.
The location of the center of pressure (fig. 17} varied between approxi-
mately 4.25 and 5.25 diemeters ahead of the base.
At critical us-flow ratios, the drag, drag increment, lift, and
pitching moment varied with angle of attack as showm in figure 18.
As in references 1 and 2, the modified theory of reference 6 is in good
agreement for the moment coefficient at low angles of attack but under-
estimates the drag increments and lift coefficients.
The effect of angle of attack on”the longitudinal pressure distri-
bution is illustrated In figure 19 for Mach number 1.79. Additional
data are presented in tables IZI to V. The decrease in upper-stiace
pressures with increasing angle of attack @ended approximate@
2 dismeters downstream of’the cowl lip. The shuzltaneous increase in
lower-stiace pressures extended the length of the mdel.
Internal-Flow Characteristics
Zero angle of attack. - The variation of total-pressure recovery
P~/PO ad combustion-chamberMach number M3 with mass-flow ratio Is
shown in figure 20. The total pressure ~ is presented as the cor-
rected value bssed on the corrected mass flow and the average static
8 NACA RM E50J30
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pressure at the rake station rather than the slightly greater value
indicated by the combustion-chembersurvey reke. Comlmstion-chember
Mach number M3 waa computed aasuming.isen~ropicexpansion from the
.
annular aea at flow station 3 to the erea of the combustion chamber
. .%
with the sting removed. At Mach nmnber 1.59 the subcritical total- .E
p?essure recovery was invtiiant with mass-flow ratio, where= at Mach
numbers 1.79 and 1.99 the recovery decreased with decreasing mass-flow
ratio. Maximum total-p?essure recoveries of 90, 87, and 79 percent
were obtained at Mach numbers of 1.59, 1.79, and 1.99, respectively.
The components of the over-all total-presswe loss are presented
in figure 21 es the inlet losses APO-2/PO and the subsonic-diffuser
losses AP2-3/PO. The average total pressure 22 at flow station 2
—
was computed from the corrected mass flow and local static pressure. —
Decreasing the mass-flow ratio decreased the losses in the subsonic
diffuser hut incressed the inlet losses.
.
—
.—
A comparison of the meaaured subcritical inlet total-pressure
recovery T~/Po and the calculated recovery, the latter determined
as in reference 1, is-presented in figure 22. The calculated pressure
recoveries were a~proximately 5 percent greater than the measured
.
values. Good agreement can be seen in the slope of the measured
and calculated values.
-*-
As shown in figure 23, the total-pressurerecovery P3/P2 Of
the subsonic diffuser for subcritical mass-flow ratios was relatively
independent of Mach number but decreased with increasing mass-flow —
ratio to approximately 94 percent at critical mess-flow ratios. A
large part of this decreese is attributable to the wake effects of .
the support struts.
.-
—
Mach number profiles at.the combustion-chamberinlet ere shown
in figure 24 for ~ = 1.79. The Mach number variation increased and
the peak velocity moved toward the outer shell as the mass-flow ratio
increased. The differences in profiles of adjacent rakes waa a conse-
quence of the supTort-strutwake effects.
Angle of attack. ~ The effect of sngle of attack on the sub-
critical total-pressure recovery and combustion-chemberMach number
was negligible at M. = 1.59 (fig. 25). Slight reductions in pressure
recovery occwred at an angle of attack of 10° for ~ = 1.79 and at
6° and 10° for M. = 1.99. Flow instability occurred at 10° for
MO = 1.99 for mass-flow ratios less than 0.84. Due to the intensity
of the instability, no data were taken in this region. .
8
-.
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The decre-e in maximum mass-flow ratio with angle of attack was
.
greater at an angle of attack of 10° than that attributable to the area
reduction which occurs when the inlet area Is multiplied by the cosine
3 of a. This mass-flow limitation presumably resulted from premature
a choking in the upper portion of the subsonic diffuser near the leading
edge of the support struts (reference 1).
The inlet and subsonic diffuser components of the over-all total-
pressure loss are shown in f@ure 26 to be essentially independent of
angle of at5ack at bQ = 1.79. The minor discrepancy between these
data and the pressure recovery at 10° angle of attack (fig. 25(b)} is
attributable to the slight differences between mcdels A and B.
Increasing the angle of attack to 10° resulted in relatively
greater total pressure and mass flow in the upper portion of the
subsonic diffuser and possible flow separation from the lower diffuser
surface. These effects were also noted in references 1 and 2.
SUMMARY OF RESULTS
An investigationwss conducted at Mach numbers 1.59, 1.79, and
s 1.99 to determine the ~orce, moment, and preseure characteristics of
an all-external compression, conical spike inlet having a supersonic
cowl lip. The following results were obtained at an average Rewelds
number of 2,300,000 (based on inlet dfsmeter) for a range of mess flows
and angles of attack to 10°:
1. The rapid increase in drag coefficient with decreasing mess
flow and the increase in mintimn drag with decreasing Mach number was
associated wfth the increase fn additive drag. The drag rise due to
angle of attack resulted primarily frcm em increase in the normal force;
the axial force remained relatively constant.
9
-. The variation of additive drag witi mess-flow ratio was
satisfactorily calculated from a momentum balance emd assuming one-
dimeneional flow. . -
3. At zero angle of attack and with no mass spillage, the exter-
nal pressure distribution and hence the pressue drag were satisfactorily
predfcted by linearized potential theory.
10 NAOA RM E50J30
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4. The friction drag waa inde~endent of Mach nwnber and mass
flow and agreed well with the value predioted by the theory for
turbulent compressibleflow over a flat plate. n?’o
w
m
5. The total-pressure recovery wes in general only slightly
reduced by increases in angle of attack.
Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronatitics,
Clevela@, Ohio.
.
l
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(a) Center
Station
(in.)
0.378
.500
1.000
1.5C0
2.000
2.500
3.000
3.500
4.000
4.500
5.000
6.000
7.000
7.750
7.910
10.000’
12 l000
14 l000
160000’
18 l000
20.000
22l000
24.000
26.000
30.030
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TABLE I - TABLES OF COORDINATE FOR
8-INCK RAM-JET CON3?IGURA!TION
body coordinates (b) Outer shell coordinates “
Diameter
(in.)
2.800
2.890
3.12$
3.295
3.448
3.593
3.730
3.860
3.980
4.090
4.193
4.382
4 l 533
4.600
4.600
4.585
4.’%5
4.486
4.415
4.327
4.220
4.084
3.922
3.715
3.343
-,
blel B
2.800
2.875
3.080
3.255
3.413
3.555
3.638
3.815
3.935
4.045
4.153
4.340
4.495
4.585
4.600
4.585
4.545
4.486
4.415
4.327
4.220
4.084
3.922
3.715
3.343
Station
0.250
l500
.750
1.000
1.5W.”
2.000
2.5X)
3.000
4.000
5.000
6.000
7.000
8.0(?0
8.375
9.905””
22.000
30.000
32.000
56.000
External
Iiameter
(in.)
5.660
5.740
5.823
5.890
6.017
6.128
6.227
6.312
6.464’
6.603
6.728
6.828
6.900
6.920
6.998
7,616
8.024
8.125
8.125
Internal
Iiameter
(in.)
5.560
5.615
5.665
5.715
5.809
5.897
5.981
6.062
6.214
6.353
6.478
6.578
6.650
6.670
6.748
7.366
7.774
7.875
7.875
w
.
.
!?i
.
.
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TABLE 11 - L4XMTION OF STATIC-PRE%URE
.
N ORIFICES FOR PRISSURE MODEL
R
~co
(a) Location of static tubes (b) Location of static
.
.
along shell contour
Station
al!kternal
1
0.500 11.000 0.500
1.000 12.000 1.000
1 l 500 14l000 1.500
2.000 16.000 2.000
2.500 18.000 2.500
3 l 000 21.000 3.000
4,000 24.000 4.000
5.000 27.000 5.000
6.000 31.000 6.000
7.000 35.000 7.000
8.000 40.000 ,8.000
9.000 45.000 9.000
LO.000
tubes (Q = 0°)
s-h
Spike
-1.00
-0.50
0
0.50
1.00
1.50
2.00
2.50
3.00
4.00
5.00
6.00
7.00
%0 rows of orifices at Q= 180° and
bQ= oo.
tion
k land.
8.00
9.00
10.00
SL.oo
12.00
14.00
16.00
18.00
21.00
24.00
27.00
31l00
37.00
e = 270°.
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.? )x’& 0. cm
.0e7
-.013 .064
.ml
.010 .049
.m7
-ease .m
-ma .mo
-.m -.0C6
-.018
-.C453 -.ole
-ml -,OW
-.m7 -.0?7
-.0428 -,(X36
+Jee -mom
-.OM
- .01s -. 01s
-.om -Ale
-.OU
:% -.065
0 -.003
- R
X&L
ird8rmntiL
body
nt9r- titerml Inter-
nul
F
Oo ~mo woo Oo
0.6?6
p;;
1.331 .1.071 -Oema -0.194 l.ali
l.all 1,246 -.169 -.070 1.491
1,M?3 1 ,W3 -,1U7 -ma 1.494
1.ae6 1.316 -.016 1.491
1 .aal lam -.wa -.CCE4 1.48
1 .s34 1 ,am O.om 1.51X
1.340 & .348 -.067 -.OCS l.sa
1,340 1.340 -.061 -#ala 1,601
1,640 l.aes -.oae -.a?s l,6m
1 .am 1.325 -,CSO 1.602
1.SW 1.6s3 -.045 -.mo 1,6G4
1.33E 1.345 -,IXI -.m l.aol
1.349 -.046 -$m7
;,a&? -.030 - ,IEd
..W6
1 :4a4 :: 018 -,C4Y?
1.4U9 -.019 -,m9
1.4F37 -.CU7 -.o16
1.50!3 -.(W? -.DM
1.666 ! .C4X4 -.om
1.6s2 -.CC6 -.006
1.s46 :
.:&l
1 .0s4
..o11
-.ola
6186ribnblm OC ~.
mt m.
bodT
‘#’
1.37.9
L.*
1.677
1.X59
1.463
1 .46E
1.4M
1 .4’a9
1,6W
1,509
l.sm
1 .6m
l..lm
1.003
1.614
1.617
l.m?l
I.ma
1.644
1.659
l.m
1.591
1.60-7
)..619
1,696
1.630
Outar shc!li
EIttrml
TlW 97&
.O.sa -o.3m
-.3a6 -,203
- .Wr -.136
-.1(K3
-.la4 -,W!D
-.03s
-,C96 -,040
-,07’7 -,0s0
-cm -.043
-,045
-.030 -.ols
-.063 -.046
-,053 -,046
-.ok3 -.044
-.(06 -.OM
-.wa -.a?a
-. C$?8 -.026
-.OU -.03!4
-.OM -.0?0
-.W1 -,ole
~::~ -.oce
-. Gas
2&.1-_
Itu?
d
-i=
1.8X
L.6W
1.s01
1.m
1.59(
L.69(
L.591
1,6o
1.60
1.6W
1.6(?
IAu
1~enterb.dy
1
@
1,W14
1.429
1.492
l.asa
l.sm
1,6.%9
1.594
1.396
l.llad
1.6s9
1.509
1.699
1.590
1.599
1.604
1.604
1.604
1..307
1.618
1.616
1.620
1.633
1.632
1.0S6
1.669
1.640
1
ltl- Onter ah.11, extmnal Outar thrill, external Outer shall , axtarnal Outer shall, axternnl
ion
outer shell,, external
1+ ~mo 2160 m40 ~~o ~~o B16° Ewo ~~o 19@ !216° 4640 aaw 100° moo sad” 9520 19@ ti6° ~40 ~o
0.5 0.180 0.143 0.163 O.lm
4.0
0. 0?.5 ::mc& U& ::g -0.0s1 -0. oao -0. m9 -o. &as
-.M5
-.M5
-o. m3 -0.240 -0,227 -0. aal -0.33s -0.850 -0,330 -o. asa
-,mo -.0=
3,0
-,016
-.cua -.(03 -.017 ..WO
-,ON -.CXW -. ola -,(U1 -.036 -,am -,ms -.016 -.C??9 -.m -.030 -,CW3
-,013 -.mo ..ola -.(??1
-.ols -,ols -ma -.cml -.016 -.016 - .D113 -,(tm -.017 -. 01? -.mo -,aas ,
!!A2L2III - K4Tm24L mm 16TSSIWJ Pm2sus6 COE’FICIWK5 OF 6AS6 6-1U22 RAM-.TE2cOSFI13JFAHIOU
FWI FWJFiAE9L23 OF AITACS M iTC4S-S~ MAC3 6U~ OF 1.70 - Cmtlrnmd
T
sti-
thl a u 6°; ~ . 0.266 a ., 6°; =3& . 0,02s a . 6°; MS& . 0,720 ..6 °;ms/%.0.6#
I “
L 1
(a) Contmad. Lim@ttulhl dl.llmlbutian of
Outt# 8hall c~l~ Outm LdlOll C.nter outer SIM1l
bcd7
mternul I~n&r- %tWnal Inter- -. 4b.terml ~tr.
- ls@ 8700 (P C@ 1200 ~.@ 00 @ IMP 270’J CP
-1.0 0.6.9S
-0.6
0.66s
0
.620
.Mo
,622
0.5 -0. wa 0.229 0,7s4 ..524 +.077 0,137 l.~1
1.m7
1.0
.691 -0.222 ‘-0.o12 1 .s1:
.170 .651
.328 -.W3 .141 1 .Wa 1.o14
1.5
-,139 .“ne 1.s11
.:%Z
.124 .967 .960 .-.CM3 .116 1.130 2,.cm
Q.o ‘,106 l.om l.m
-.10s -.009 1.334
.we 1.142 1.134
e.s
KM 1.s44
-.017 .m 1.0C6 .9s-3
-.017. .W3 1 .1s4 1.162
3.0 ,07e 1.o14 l.om
-.020. .049 1.364
.0s5 1.166 1.162
4.0 ..W4 ,030 1.m7 1.o19,
-.CW
.m7 1.361
6.0,
.034 1 .1’/8 1 .1s3
-Owl ,021 .9!M .6410
-.078
-.049
.mo 1.37(
.OM 1.1’7s 1.180
6.0 -.W4
-.070 ..W3 1 .s7(
.988 .236
-.oo1 -.LU=- 1.176 1.160
-.& -.LU6 1,377
7.0
-:F5 .896 .s94
- m16 1.152 1.135
; 8.Q -.037 -.IE2 .Sll .W
-.C29 1.2&
-. Oil -.m 1.177. 1.lES
9.0. -.2374 -.M2 .645 .eal
-.058
- .C48
- .U34 1.!Y71
10. P -.238 -.041
-.4’s6 1.165 1.101
.701
-.043 -.041
: :jlg : .C& 1 .s.7(
11.0
‘:.19:
-.02s -.m
le. o
,683
..om -.m6
-,230 -.241
.421, ..02
: LL& -:049
+&a :$ ’.%
1:2,44
lab
-.014. -.m4 .s73 1.3CU : ..a, ::K.
16.0 .-.CC$7 -,m
.624
18.0
-:% -.C64
-.CL96 1.s432
.e27
-. 01s -.044
-.LWL -.036 1.426 -.OM: -.042.
: 21.0
-.02-4
1 24.0 .OcQ. - .m8
1.037 .003 -.036 1.464
1.2.24
-.002 -.041
.ae -.031,
!27.0 -.a5
.cm - .W
1.268
31.0 :&%
.OG -m. , i :s, -:% -.CS29
h 1.324{
56.0 -.ceo
! 1.662.
37.0
-:= - -.W3
1.36.s
40.0 -.OW
1.011
46.0 -.o11
-.9X .O11
-.011
-.01s”
(b) 2ont4nwd. Cimmfmurjtti ~ibutlca ~
St m- Ollter abu, l xt*rnal Outer ad] , arbern.1 mltu. Sbll , o%tel-nnl outer till , axt,rlml
tlm
e- ~#J WJO CC@ 96s0 1980 2160 ‘ Qso g@ 1* I 2160 234~ **O K@ 216° 8340 2620
0.8 ::ml; :.o& 0.107 O.lel -0.252 -0. CU4 0.040 0.CE3
,,14.0
43.0
-,.ca71 -:040 ::Z ::Z ::% ::% 403, :% -!E;::% -Ml W ‘-% -::E -:E -:%
knt m.
bdr
--F
0.74Il
1.628
1.243
1.W5
1.257
1 ,S13
1.36s
1,’660
1.a6B
1.570
1.370
1.34X
1.S67
;.;~5
1:2-2s
1.596
$
,1.4 3
,1.4
1.476
1 .mo
1.064
1.363
1.6=
1.595
1..5s0
Outu shell
3+-
titerml Intax
ml
1800 S700 N
,0.297
-.142
-.147
-.102
-,cm
-.060
-.074
-.054
-.0s0
-.C62
-.0391
-.(6?7.
-.CZ31
-.016
- .OW
o
.OUI
-.OCE
- :%
-0.090\
-.W3
.(C36
.U36
:E%
-.036
-.CE31
-.C35
-.cOs
-.049
-.C62
-.m4
,-.ms’
- ;060
-.247
-.044’
-.042
-.mo
-.C441
1.24
1.X
1,89
1.4C
1.41
1.41
1,4s
1.43
1.43
1.42
1.66
1.43
I
-.011
-.o16
r c-.
hnt m.
body
jjj
l.lm
1.656
1.320
L.4W
1.410
1.418
1 .4s1
1.422
1.42s
1.429
1.4S2
1.44Z
1.446
1.424
1.467
1 ,42s
1.614
1.533
1.660
;::%
1.610
1.686
i?
o
.
,],’. ,,, ~,i , ,,:, ,,, ,; ,“ ,’. , ,,,,. , , ‘ “,
2039
T48L6 111 - EZTERHffiAm I~UAI, ~ C06WIOIEHTS OF HM4 s-1H08 RAB-~ COmIOORATIOU
FOR POOR AELILESOF MTAOI AT PFW-8FEi4M-MA2E 14bMMA OF 1.79 - Ccmuluded
Cuter shell
Sxternal Inter
“al
e+ M@’ e70° @
-1.0
-0.8
0
0.5 =0.642 -0.me 1.6W
1.0 - see -,me 1.686
1.s -.SW - .11?, 1 .Sa3
e.o -.OW 1.68B
2,5 -.174 -ma 1 .6s0
S.o -.04s 1.693
4.0 - .1s2 -.CQ8 l.mt
.5.0 -.116 -.034 1 .5m
6.0 -.1(L5 -.044 1.800
7,0 -.W? 1.89a
8.0 -.&/o -.054 1.601
e.o -me -.c6e 1.601
10.0 - .06a -,cas
11.0 -.043
12.0 ..cm -,M4
14.0 - .ma -,MO
16.0 -.018 -.OM
10.0 -.W7 -.om
81.0 - .COm -.m6
24.0 0 -.m7
E7. o -.024 -.U30
31.0 0
ae. o -.md
87.0
40.0 -ml
4s.0
-.OAS
IantBr
body
~o
1.s67
1 ,4s9
1.423
1.615
lam
lam
1.086
1.689
1. sel
loses
1.546
1.6s!6
1.69s
1.800
1.6CS
1.604
1.6CM
$.::
1:610
1,619
H%
1.682
1,636
1.667
(a) Curduded. Lm@tndJmal dfi+sribution of ~.
mltar dltll Otnt el? outer Okll Oenter
bti~ bcdy
External IntQr- EXtelmnl Int 9r-
MN e70° 00 N 18@ S-/on @ ~
0,777 0.777
.m
,728
, .7m
.003
.::y; O:ym 0:67: .689 -o.ec4 O.lel 1.8e7 ! mm
.26? -.174 .171 .986 .466
-.lm .148 .s02 .148 -.130 .141 1.037 1.062
,11s .664 ,409
-ml
,102 1.106 1.095
.m5 .FXlo .8S0 -.lCE .Oea 1.le9 1,124
.me .mo ,446
-.md
.U70 1,151 1.143
,am .979 .em -.110 .m4 1.17s 1,175
-.M4 .O1o .em .9m -.041 .O1o 1.180 1.177
-.C64 -.016 .eso ,eca -,074 -,019 1,1E?3 1,164
-,ms .676 .3-71 -.038 1.177 1.1s9
-.045 -.om .875 .845 -.061 -.042 1. we 1,179
-.044 -,m4 ,729 ,a39 -.c46 -.285 l,am 1.818
-,040 -.0s9 .7ea -.243 -.074 1.W3
-.W6 -.ura .5e8 -.030 -.CW 1,2-46
-.mo -.WO .37e -,mh -. W-9 1,273
-.ooe -.m4 .Xf4 -.014 -.096 1.827
-.m4 -.026 .778 -,m -.104 ;,;:
.Om -,lcm ,924 .Co4 -,112
.011 -.1U7 1.09B .038 -.117 1:468
.o14 -.CW 1.141 .01!? . ,lm 1.4Q6
.O11 -SW 1.230 .Om -.094 1..5s8
.012 1.978 ,011 1.561
-.mo -.CW
1,518 1.6M
-.CW3 -.004
-me -.ol’a
(b) Ganaluded. Olrmmfa-tfil Ubrlbution of On.
catm. ahen canter
bq
Bxt omal Inttr-
1800 4700 @ @
0.94?
1,167
1 ,leo
.0.460 O.md 1.19B .eee
-.214 .088 1,2!4s 1.18s
-lad .me 1.273 1 ,86s
.m5 1.29e l.ms
-.149 .Q9b l.acm 1 .s10
.047 1.sa6 1.ae4
-.166 .MJ 1,641 1.649
-.114 -.004 1 .ma loam
-,m -ma 1.668 1,649
-.248 l.md 1 .asa
-.Qn -.m7 1.s04 lam
-.mo -.ms lam 1, ma
-.048 -ml 1.s77
-.CS4 -.@ 1.38?
- .m? -.046 1.4m
-.o1’1 -.1o1 1.498
-.W3 -.Lll 1.470
.Oo1 -.118 1.4e6
.C@ -.1s4 1.8ea
,me -.111 1.569
.Om -.o+ea 1,688
.032 1.626
El-l-k
stn- Outm. shall, aztarnal titer shell, external Cutar shell, external Outm aksll, .xternal
$Ion
9+ 1 W@ m
Go ~o -o l’aao 2113Q e%o Mao ~ee” 816” ~wo a6a0 IWO ela” *40 ?s0
o.a -o.64e -0.637 -0.328 -0.626 -0.lM -0.046 o.m7 o.la9 4.176 -o.ie6 -0;061 -o.wa -yms: -::ag -::J& -o.~
14.0 -,CS1 -.04P -,002 -,060
43.0
~:g -.C45 -me -.104 -.m -.050 -,086 -.117
-role
-.124
-am -am -,C41 -.0- -.04s -.m2 -.ms, -mc45 -,046 -.m4 -.06s -.046 .-.047 -.OM
,, ,,
!$!
3t4-
tlon
9+
-1.0
-0.6
0
0.5
1::
2.0
2.5
3.0
4.0
5.0
6.0
7.0
8.0
9.0
‘10.0
11.0
12.0
14.0
16.0
18.0
S1. a
24,0
!47.0
31. C
36.0
37.0
40.0
45.0
F
TA6L2 IV - K4~HU ASO 13T233HAL PR2S90RS COE3VICli4UTS OF HAOA 8-12WE RAH-JIW C03FIGDF3ATION m
FOR FOU3 A2W2S OF A’ITACK AT F3UZS-STRSAM UACH SCM82R W 1.79 NIT33 MOD2L ROTATEO 1.2W
“v
a z 0“; m&@ s o.ia40 m . 0“; M.+. = Q.U35 = . OO; @m. s 0.754 d,= 00; ~~ = 0.519
Ooter shell
Sxterml llnter-
Lw
O,zl$
,M?
.110
.oa5
.@l
.m7
.CC%
.013
.004
.001
.0U3
-:%
-.012
.o14
.017
.014
.004
-%%
-.cKn
-.011
nal
E@ 1000
0.s17
.163 1.C66
.1s9
.1CY3 1.C86
.ma
.071
.C45 1.i%4
.ml
.01s ,987
.Om
.“m
o
0
-.om
.CJC8 $$
.007
-.oa3
-.007
.Om
.Oo1
.0Q6
inter
Xdy
L200
-
0.503
.504
.s22
.e98
.999
L.u%
l.o.le
1,04.9
1.CL55
1.CQ3
.959
.919
.912
.%?2
.847
.902
::%J
1.315
1.405
1.484
1.636
1.674
1.616
[a] Longitudinal dlntrlb.ttin or On.
outer 83WIU Ceit a
body
0.504
.583
1.167
0.116’ 0.118 .970
.118 .121 1.210 1.153
.OPO .101
.073 ,,079 1.220 1 .2a3
.064 .0’71 1.219
.032 1.219
.022 .as7 1.224 1.927
.C4?o .023 1.216
.OM .002 1.205 1.105
-.om 1.175
-.001 ! .OiB? 1.167
l.la?
.004 S% 1.180
.001 -.oLy 1,198
s .004 .012 1.237
- .Ow .024 1 .“303
-.014 -.010 1.3.s7
.W7 -.Ova 1.412
.012 .(X32 1.,474
.W3 -.002 1.525
.009 .002 1.525
.OCE 1.691
-.019
1.627
-:WO
(b) Cirotmferentt
Outer shell lC.nter
External
7
@’ ‘aOe
I
.O. CK6 -0.00s
.032 .067
.060 .CY31
.044 .Ml
,.043 .049
.ma
.012 ..021
.0+J6 .012
-.OIM -.03?
-.OIC
-.010 -.00-7
-.004
.ofJ3 -.COE
-.W9 -.011
- .CGa .om
-.010 0
-.020 -.015
.Om -.012
.006 .Om
.W5
-:& o
0
-,02U
-.ole
-.0
ti~tributtir
+
btiy
hter-
nal
180° 1800
0.603
1.234
,- 1.252
1.134
1.S44 1.291
1.35’/4 1.369
1.3s1
1.362
1.352 1.358
1.352
1.349 1.335
1.331
1.s24
1.344
1.344
1.365
1 .a76
1.419
1.456
1.4e6
1..*6
1.S30
1.W3
1.699
I
1.626
+
P
outer shell
Sxterrml
o.i?46 -0.260
-,cme -.C66
-.046 -.037
-.m32 -.@?2
-.012 -.004
-.CK14
-.017 -.wl
-.017 -.010
-,U?2 -.010
-, C433
-.(%22 -.OIB
-.ols
-.012 -.013
- @.5 -:%8
,$10
-Xlln : -.005
-.025 -.a20
o -.013
.Cw -.owi
.OJm , -.ocn
-.2+34 -.om
-.oa?
-.021
a!!L--
Itcr-
lal
iim-
L.616
1.517
1.517
1.517
1<
enter
bod~
1800
1.276
l.m
1.387
1.374
1.480
l.soa
1.617
1.618
1.520
1.520
J.611
1.510
1.5=
1.s16
1.516
1.3s1
1,328
1.W6
1.360
1.573
1.68S
1.602
1.62i!
1,627
1.6S7
1
2tU- i Outer @hall, external I outershell , extmnnl I Outer shell,extarnnl I outerEhdl, atmllsl
tlon !
Q-bl 1# *Q 64~ 72° 180 36* 54” 72° 160 S6° 340 72° 16° 3s0 540 72°
0.222 o.2a4 0.2-s6 0.226 0,124 (m& ::~ 0.124 0 O.IXM ug pm
1:::
-0.2401 -0.2S7 -0.s17 -0.244
-.004 -.om -.W6 .Co5 -.C09 -.016 -.IX20 -,0211..~ -.021 ..W
43.0 -.ocn3 -.om -.010 -.01,2 -.OI.O -.009 -.012 d% -.011 -.011 -.ols -.o13 -,o11 -.010 -.o12 -.013
I
,,
I . *
2039
MBL2 IV - EX!F~IiAL MD ~22H6L P2R?SGR2 C02FFIOL2STS .A 6-IHOH SAL1-~ OOSFIWTMION
MM 6’00S AWOL2S OF ATTAOK AT FFL%2-STS2.U MACH SU2T3R OF im mmz R2-7AT20 1800 - cdznued
G= @; m#~ = o.!a26 .s so; q%: 0.940 “a. ,.; qmo . 0.,9s
‘ q so; %’% ‘ 0“7%
Ez
Lilm
—
9*
G
.0.5
0
0.6
1.0
:::
2.6
S,o
4.0
6.0
6,0
7,0
e,o
9.0
10.0
11.0
lQ,o
14.0
16.0
K4.O
3.0
?4.0
?7.0
)1.0
)S.0
$7.0
10.0
16.0
!!
o
(a) kmtinued. Lm@tudlnal dlstributinn of $.
outer shell !ent er
body
lam
o::;!
.6%?
960
1.027
1.1o1
l.lcn
1.OW?
::%
1.017
.9.%?
.i!sb
.s61
.620
.933
1.U32
1.170
1.265
1,s34
1.426
1.502
1,561
1.W6
1.6%3
wmfez
Outer shell bnter
body
~
0.526
1.166
1.X$!
1.178
1.5L3
R%
1.336
1.336
1.346
1.32S
1.312
l,frm
1.302
1.506
1 .31s
1,337
l,32a
1 .4m.
1.466
1.613
1.6E3
1.623
1.598
1.62A
Ooter shell knt er
body
lEOQ
1.38e
1.4s4
1.603
1.532
1.697
1.802
1.606
1.605
1.6C4J
1.606
1.6113
1.6m
1.6ce
1.602
1.6fJ?
1.6@
1.604
1,610
1.615
1.IU9
1,626
1.660
1.635
1.638
1.239
outer Mhell!enter
+-
Sxternal Inter-
nal
~oo laoo
nt er-
~
160°
1.603
1.606
1.606
1.603
+
Externsl Inter-
nal
Oa ~oo 1800
Iia-torzul teT-
nl
~
—
.365
.870
.333
,337
—
~
0,010
.050
.0s9
.066
.064
.041
.CQ4
.ma
-.0s2
-.0L2
-.010
-.007
-.018
-.016
-.CU3
-.00’/
-.022
-.019
-.010
-.m2
-.00S
1600
0,4SQ
l:~Q
l.ml
1.177
1.2EI
1.215
1.210
1.210
1.191
1.162
1.131
1.lW
1.111
l.om
1.103
1*135
1.250
1.323
1.979
1.466
1.516
1.566
1.625
1.619
Cp.
~
0.139
.137
.147
,lm
.116
.C86
.033
.CK34
,LU?l
.022
.009
:5
.Ca4
.016
.015
.004
.owl
-.010
-.0Z3
-.010
o.2m
.166 1.163
,124
.090 1.131
.064
.(BB
.04Q 1.1OO
.CQ7
.010 1.048
-.001
-.CW
-.W7
-.cKn
-.010
:%
-.016
-.CO.8
-.006
-.o1o
-.0U7
.0.3ss -0.333
-.242 . .24e
-.140 - .lW
-.022 -.094
-.0$71 -,(M4
-.061
-.048 -me
-,CL99 -.034
-.CW -.C38
-.236
-.W -.cea
-.023
-mcm -.0$!3
-.025 - ,U25
- .Ole -.00’7
-,CM?P - .01s
-.C30 -.C$?4
-.fXm -.o16
0 -.OIC
-.CC% -.OIC
-.007 -.W4
-.003
-.C??3
).326
.S&?
.197
.le.5
.146
.w?
.Um
.031
.Cas
.Om
.U41
.C69
.a?3
.CX36
.Cca
:%
.02%
.010
..016
..006
,.mo
(b)
),277 -0.13s
.230 .lm
,lel .lW
.162 .O+m
.155 .073
.039
.090 .0s8
.Cf4 .,W
,046 .OfX
-.004
.(X1 -.llm
o
.am -mom
.ma -.010
.Owi ,Co3
.020 -.001
.Om -.016
.0a3 -.ms
.C?al -.LW3’
.020 -.010
.m -.CW
.:F8
1.,238
.261
.206
.172
1.
4- ..006..010 II
hntinued. C:
I I
;lal distribution oj
R.a- Outer shell, oxtertml outer nhclll, external Outar shell, external
:ian
outer BheU , external
- 18° 36° MO ‘@ 100 5s0 344 720 18~ 36~ 346 72~ 186 S6° MO 72°
-::m -O,iw-t -0.3s2 -0.354 0.329 0,s21 0.896 0.2s2 0.278 0.269 0.240 0.1s9
lj:g
-.om -.Ln?6 -.012 -.016
0.141 ::lJ :.flm7 0.064
L3.O
.Cm .Ola .ma ,Olm .ml ,010
-.mQ -cat? -.ols -.016
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Figure 9.
- Cotuparlson of experimental and power-law boundary-layer profiles at zero ‘
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Figure IQ. - Variation of friction drag coefficient with mass-
flow ratio at zero angle of attack for two Mach numbers.
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Figure 11.
- Comparison of experimental skin-friction drag
coefficients with two-dimensionalcompressible flow theo~
at two Mach numbers.
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Figure 12.
- Comparison of experimental additive drag coefficients
.
with one-dimensional theory-for range of’ mass-flow ratios at
:WO Mach numbers.
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Figure 13. - Concluded. Variation of components of total drag
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two Mach numbers.
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Figure 14.
- Variation or total drag coefficient with masa-flow ratio at four angles of
attack for three Mach numbers. Model B.
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Figure 15. - Variation of external lift coefficients with ma6a-flow ratio at three sngles or attaak for three Mach
numbers. Model B.
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Figure 16. - vmiati~ Of Pl~~6~~ent ~efflcient abOut basa Of mdel with mass-f’M ratio at three angles or
attaok for three Msoh numbers. Model B.
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Figure 18. - Variation Of external aerodynamh ooefi’iaients with angle of attaok
at oritloal mass-flow ratios for three J6aehnunbers. Model B.
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Figure 19. - Longitudinalvariation of external pressureooeffloients at oonstant
mass-flw ratio of 0.940 for four angles of attaok. Free-streamMaoh number 1.79.
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Figure 20. - Variation of total-pressure recovery and oombustion-
chamber Mach number with mass-flow ratio at zero angle of attack
for three Mach numbers. Model B.
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Figure 21. - Variation of components of total-pressure loss with
mass-flow ratio at zero angle of attack for two Maoh numbers.
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Figure 22. - Comparison of experimental Inlet losses with theory at
zero angle of attack for range of mass-flow ratios at two’Mach
numbers.
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Figure 23. - Varlatlon of subsonic-diffuser recovery with mass-flow
ratio at zero angle of attack for two Mach numbers..
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Figure 25.
- Continued. Variation of total-pressure recovery -
and combustion-chamber Mach number with mass-flow ratio at
four angles of attack for three Maoh numbers. Model B.
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Ffgurs 25. - Concluded. Variation of tQtal-pressure recovery and
combustion-chamber Mach number with mass-flow ratio at four
angles of attack for three Mach numbers. Model B.
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Figure 26. - Variation of.inlet and subsonic-diffuser losses with
mass-flow ratio at four angles of attack. Free-stream Mach
number, 1.79.
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